A 31-year-old man presented with a ruptured right extracranial vertebral artery aneurysm associated with neurofibromatosis type 1, manifesting as acute onset of right neck and shoulder pain, and right supraclavicular mass. Three-dimensional computed tomography angiography showed a large aneurysm involving the right extracranial vertebral artery associated with a pseudoaneurysm. The aneurysm was successfully treated by transarterial endovascular trapping with detachable coils. Extracranial vertebral artery aneurysm is rare, but the mortality of ruptured cases is extremely high, so early diagnosis and early treatment are important. The present case shows that endovascular treatment was very effective.
Introduction
Vascular abnormalities associated with neurofibromatosis type 1 (NF1) are mainly characterized by arterial stenosis, occlusion, and rupture, but may also be associated with aneurysmal or fistulous formation of the large and medium arteries. The frequency of vascular lesions in NF1 patients is hard to define because screening studies are not routinely performed, but the prevalence of vascular lesions in large series is 0.4% to 6.4%. 3, 4, 11, 14) Renal artery lesions are most common (41%) and are more often stenotic than aneurysmal, but carotid artery, vertebral artery (VA), and cerebral artery aneurysms, reported in 46 patients, occur in the third decade of life and are more common in women. The renal artery is most frequently involved, resulting in renovascular hypertension. 14, 20) However, extracranial VA aneurysm is rarely associated with neurofibromatosis. 1, 2, 5, 6, [8] [9] [10] 12, 13, [15] [16] [17] [18] [19] [20] We report a case of ruptured extracranial VA aneurysm in a patient with NF1 treated successfully by endovascular embolization.
Case Report
A 31-year-old man developed right neck and shoulder pain without any traumatic events. He also noticed a large mass on the right supraclavicular region. He was treated at a nearby hospital with drainage tube placement, and transferred to our hospital 10 hours later because of continuous bleeding from the drainage. On admission, his blood pressure was 120/73 mmHg, and hemoglobin level was 12.1 g/dl but fell to 8.4 g/dl in 2 hours. Physical examination found a large pulsatile supraclavicular mass, and dysesthesia in the peripheral portion of the right upper limb. NF1 was diagnosed based on multiple fibromas and caf áe-au-lait spots on his chest and back. Family history found that his father also had NF1.
Computed tomography (CT) showed a massive right supraclavicular hematoma and three-dimensional CT (3D- CT) angiography demonstrated a large true aneurysm involving the right extracranial VA with the pseudoaneurysm formation (Fig. 1) . Cerebral angiography was then started within 3 hours. Right subclavian artery angiography showed a right VA true aneurysm with the pseudoaneurysm. The right distal VA was not visualized ( Fig. 2A) . Left subclavian artery angiography showed the right distal VA was filled retrogradely as well as the VA true aneurysm with pseudoaneurysm ( Fig. 2B ). Angiography confirmed the findings of 3D-CT angiography, and suggested fragility of the VA wall which was involved by the aneurysm.
Since angiography had identified problems with the VA wall, this aneurysm had high risk for rupture during embolization. Therefore, endovascular trapping was preferred to intra-aneurysmal obliteration. A 6-Fr OPTIMO balloon guiding catheter (Tokai Medical Products, Kasugai, Aichi) was introduced into the right subclavian artery via the right femoral artery for flow control, and a 4-Fr diagnostic catheter into the left subclavian artery via the right brachial artery. Simultaneous right and left subclavian artery angiography revealed a global image of the right VA, true aneurysm, and pseudoaneurysm (Fig.  2C) . Consequently, we could understand the angioarchitecture of the normal VA and aneurysm. A microcatheter was then introduced into the distal VA through the proximal VA bypassing the orifice of the aneurysm. Endovascular trapping with detachable coils (GDC18 Soft &18 Standard [Boston Scientific, Natick, Massachusetts, USA], DETACH-18 [Cook Medical Technologies, Bloomington, Indiana, USA], and Tornado fibered coils [Cook Medical Technologies]) was subsequently performed from the distal VA to the proximal VA including the true aneurysm with flow control on standby (Fig. 3A) .
No aneurysm was visualized by postoperative right subclavian artery angiography (Fig. 3B) or retrogradely by left subclavian artery angiography. The whole endovascular procedure took about 2 hours. After embolization, his blood pressure and hemoglobin level became stable. Dysesthesia of his upper limb was considered to be due to C6 radiculopathy caused by compression by the massive hematoma, and gradually improved with absorption of the hematoma. Systemic 3D-CT angiography showed no aneurysm involving the extracranial VA and other arteries.
Discussion
A total of 18 cases of extracranial VA aneurysms associated with NF1 have been described: 9 ruptured cases (including the present case) and 9 unruptured cases (Tables 1  and 2 ). All 9 ruptured cases manifested as local neck pain at first (Table 1) . Hypotension occurred subsequently in most cases, followed by hemorrhagic shock if the patients were not appropriately treated. Once the bleeding extended into the thoracic cavity, the outcome was serious; 2 patients died and 2 were severely disabled (vegetative state) because of hypoxic brain damage. 1, 12) Treatment for stopping the bleeding is essential as soon as possible in patients with ruptured aneurysm. Endovascular treatment is considered to be the treatment of choice, and was performed in 7 of the 9 ruptured cases. Radiculopathy was the main symptom in 5 of the 9 patients with unruptured aneurysms, as a result of compression of the nerves by the enlarged VA aneurysm (Table 2) . Local bruit heard with a stethoscope was also present. Most aneurysms were the fusiform type, so surgical trapping and removal of the aneurysm, or endovascular trapping with coils and/or detachable balloons were indicated. If only proximal occlusion of the parent artery is performed, the aneurysm may not disappear and will be recanalized by blood flow from the opposite VA and other collateral vessels. 7) In fact, a previous case, treated with proximal occlusion with a detachable balloon, developed vertebral arteriovenous fistula in the same region 11 years later. 20) Therefore, endovascular trapping of the distal parent artery, aneurysm, and proximal parent artery is supposed to be a better treatment modality. Direct surgery was selected in earlier cases, whereas endovascular treatment was chosen in more recent cases. Endovascular treatment has the advantage of being minimally invasive and with short operation duration, particularly for ruptured aneurysms. 7) In our case, simultaneous right and left subclavian artery angiography was useful to understand the angioarchitecture of the normal VA and aneurysm.
Since the outcome for patients with ruptured aneurysms was extremely poor, unruptured aneurysms should be treated before rupture. Systemic 3D-CT angiography is one of the best imaging modalities for screening of aneurysms in patients with NF1, followed by selective angiography for confirmation. Endovascular treatment is not only less invasive but also more effective because it can be started shortly after the diagnostic angiography.
